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FORTE has been used in a campaign mode with the L os Alamos 11-station sferic-
waveform array, over two summer thunder storm seasons (1998 and 1999). I n this mode,
thememory aboard FORTE isdevoted to the maximum extent possible to storing
wavefor ms collected while FORTE iswithin sight of the array stations region. In turn,
during FORTE visibility, those stationswere run at lower trigger threshhold, so that their
data-stor age resour ces wer e also concentrated on periods of joint FORTE/array accessto
the same storms.
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This shows a day’ s worth of FORTE collections connected to a very intense and prolonged storm off

Florida' s east coast, as well as some |ess-intense storms elsewhere. Altogether, five FORTE passes “saw” the
storm, in the sense that FORTE VHF triggers, when corrected to the nearest sferic-array event solution,
coincided with sferics to within £5 ms. The blue diamonds are the sferic solutions, while the orange squares
are the subsatellite points, for the correlations. Each correlated pair is connected by ayellow line. The most
fruitful FORTE pass went aimost directly over the storm.
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During the most fruitful FORTE pass over the Florida storm, we collected hundreds of FORTE VHF pulsed
events whose inter-pul se separation and fitted slant total electron content (TEC) are shown below. Thisisthe
classic signature of FORTE flight past a recurrently emitting lightning storm. Most of the pulse separations
are on acurve which is consistent with the emission centers being at roughly constant height above the

reflective ocean.
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Histogram of FORTE elevation angle seen from locations of sferics, for background (dashed) and
probable-coincident (solid) sferics. Apparently the liklihood of a FORTE VHF detection peaks
for the satellite overhead and declines for the satellite on the horizon, atrend which is consistent
both with earlier NLDN experience and triggering and antenna-lobe common sense
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Histogram of [sferic-(FORTE VHF)] signal source times, corrected for the FORTE-to-ground
propagation time through vacuum. A 0.1-ms binsize is used, and the abscissa ranges from -10 ms
to +10 ms. Comparing the central peak (say, within £0.3 ms) with the statistical-accident
pedestal, we can ascribe the central peak's events as being true coincidences with >95%
reliability. Thereis adight enhancement in the range +1 ms to +3 ms compared to the range -1
msto -3 ms. This corresponds to the increased incidence of VHF emission before the sferic

emission, rather than after the sferic emission.
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Histogram of distance from sferic emission to the third-closest sferic-detection station
participating in the solution. Since the close-in array scale is on the order of ~200 km, we would
prefer that the events we study not be >600 km (three array scales) from the core three stations
participating in the fit. Unfortunately, with a sparse and incomplete array like this, we cannot
satisfy that wish for any more than about 50% of the coincident events in this dataset. We
therefore must accept probable errors from both "spoking" and ionospheric-pathing effects.
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Histogram of [sferic-(FORTE VHF)] signal source times, corrected for the FORTE-to-ground
propagation time through vacuum. A 0.02-ms binsize is used, and the abscissa ranges from -1 ms
to +1 ms. The solid curveisfor the sferics located closer than 603 km from the third-nearest
station, and the dashed curve isfor the sferics located further than 603 km from the third-nearest
station. The distant events have a broadened and somewhat delayed (by about 0.1 ms) arrival
time time of the sferic at the station, relative to the closer events.
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At least some of the range spread in the time-of-arrival differences could be attributed to FORTE data perturbed by a
recurrent on-board data-recording problem. Restricting the sample to the 2422 coincidences for which we can prove this
problem did not occur, and for which the coincidence is within £0.3 ms, we show the revised histogram of [sferic-(FORTE
VHF)] signal source times, corrected for the FORTE-to-ground time propagation time through vacuum. A 0.05-ms binsizeis
used, and the abscissa ranges from -1 msto +1 ms. The solid curveisfor the sferics located closer than 600 km from the
third-nearest station, and the dashed curve isfor the sferics located further than 600 km from the third-nearest station. Having
tightened the FORTE-event-selection criteria, we have eliminated most of the range spread.
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This cartoon shows the two methods for independently arriving at estimates of asignal’s emission height
(above the ground). The emitter (for this example, shown in yellow and co-located for both the signals) is at
aknown latitude and longitude; we seek the height from our data. The satellite receives adirect VHF pulse
(orange) and a ground-reflected VHF pulse (pink). The time-delay of between these two pulses can furnish
the emitter height, since the source’ s horizontal geolocation is known. The ground-based field-change meter
station receives alower-frequency (3-500 kHz) signal, which arrives at the station as a direct ray (red), an
ionospheric reflection (blue), and a ground reflection + ionospheric reflection (green). The relative time

delay of the latter two signals provides the information on both emission height and ionospheric-reflector
height.
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inferred TIFF height (km) above reflecting ground

EEQ us fLEes m 1993{}51 3- 19991 1 30 fnr 2422 3{]{}— us cnrncs w TECED::-—! 5

E T

e
o

Ini'arrn:l TIFP-nmIsslun hnlght {ahuva grnund} versus nﬂnc:thm radlata:l pnwar Intn thn
band 26-48 MHz, for the subset of +0.3-ms coincldences which are TIPP-llke, l.e.
having two distinct pulses with separation greater than 0.01 ms and meeting the
usual data-quality criteria. Black points: TIPPs associated with ordinary sferics. Red
points: TIPPs associated with Narrow Positive Bipolar Events (NPBEs). Blue points:
TIPPs assoclated with Narrow Negative Bipolar Events (NNBEs). Although NPBEs
and NNBEs together account for less than a couple percent of sferic-array
detections, they account for ~25% of coincidences with FORTE, and for most of the
TIPP coincidences. This might suggest that FORTE TIPPs are a rough proxy for the
occurence of NBEs.
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Power-autocorrelation 1/e width vs logarithm of effective radiated power of FORTE-detected
VHF pulse, in passband 26-48 MHz, for all 2422 +0.3-ms coincidences. Black points: TIPPs
associated with ordinary sferics. Red points. T1PPs associated with Narrow Positive Bipolar
Events (NPBES). Blue points. T1PPs associated with Narrow Negative Bipolar Events (NNBES).
The vast mgority of VHF signatures associated with NBEs are narrow (<10 ns) and relatively

powerful (>30 kW ERP into passband 26-48 MHz), compared to the VHF events coincident with
non-NBE sferics.
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Effective energy width vslogarithm of effective radiated power of FORTE-detected VHF pulse,
in passband 26-48 MHz, for all 2422 +£0.3-ms coincidences. Black points: TI1PPs associated with
ordinary sferics. Red points: TIPPs associated with Narrow Positive Bipolar Events (NPBES).
Blue points: TIPPs associated with Narrow Negative Bipolar Events (NNBES). The vast mgjority
of VHF signatures associated with NBESs are narrow (<20 ng) and relatively powerful (>30 kW
ERP into passband 26-48 MHz), compared to the VHF events coincident with non-NBE sferics.
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propagation time through vacuum. A 0.02-ms binsize is used, and the abscissa ranges from -1 ms
to +1 ms. These distributions have been corrected not only for the vacuum propagation, but also
for the rf group delay traversing the ionospheric slant total electron content (TEC). Top panedl:
Sferic-FORTE source time differences for 1917 coincidences involving ordinary (i.e., non-NBE)
sferics. Bottom panel: Sferic-FORTE source time differences for 505 coincidences involving
NBEs. Note narrower distribution and sharp drop-off for VHF trailing NBE.
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Distance to third-nearest station vs sferic-VHF source time difference. Top panel: for 1917
ordinary sferics. Bottom panel: for 505 Narrow Bipolar Events, or NBEs. The close-in NBEs
(those close than ~500 km to array stations) have VHF delayed (from NBE) by typically O to 50
ns. This needs to be examined carefully, for it is not totally consistent with ground-based joint
VHF/NBE measurements.
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ERP vs sferic-VHF source time, for (top panel) 1917 ordinary (non-NBE) sferics, and for
(bottom panel) 505 NBEs. There is no obvious narrowing of the NBE distribution at high power.
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Inferred sferic-emission height versus the inferred VHF emission height, using the delay of the second pulse,
which isaground reflection. The main cluster’ s datalie 1 or 2 km above the equality line, asif the sferic were
effectively emitted from abit higher than is the VHF TIPP. We cannot rule out a methodological origin of

this effect.
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Of the FORTE VHF events that are within £ 300 ns of a sferic, we show here the probability of there being
another VHF event near the sferic-coincident VHF event. Thisis done as afunction of time difference
between the VHF neighbor and the sferic-coincident VHF event. The time differenceisfrom-2to +2 sin
bins of 0.1 s. The counts have been normalized by the number of VHF coincidences with “regular sferics”

and with NBEs, so what is displayed hereis true probability of a neighboring VHF event’s occuring in a
given delay bin. The data show that NBE-coincident VHF events are isolated from other VHF events, relative
to regular-sferic-coincident VHF events.
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Similar to previous figure, but for a narrower time window and smaller binsize. The time differenceis from -
0.2to +0.2 sin bins of 0.01 s. The counts have been normalized by the number of VHF coincidences with
“regular sferics’ and with NBEs, so what is displayed hereis true probability of a neighboring VHF event.
The data show that NBE-coincident VHF events are isolated from other VHF events, relative to regular-
sferic-coincident VHF events. It is also apparent that on the timescale of aflash (~0.2 s), the VHF neighbors
are more numerous after, rather than before, the key VHF event which is sferic-coincident.
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Similar to previous figure, but for a still narrower time window and still smaller binsize. The time difference
isfrom -0.02 to +0.02 sin bins of 0.01 s. The counts have been normalized by the number of VHF
coincidences with “regular sferics’ and with NBEs, so what is displayed here is true probability of a
neighboring VHF event. The data show that NBE-coincident VHF events are isolated from other VHF events,
relative to regular-sferic-coincident VHF events. It is also apparent that in this close-in timescale (0.02 s), the
most probable VHF neighbor is the one occuring within a couple of millisec of the key VHF event.

_259_ us ﬁles in 19_5805_1 3 —_1 5991‘_{3{3 ‘r_ﬂr 4?_8-1 E_—ms_cﬂin_cs _

0.030
o 0“5: coincident
e with

regular

_ sferics

._é

g 0.020

1:f‘.~

8

(=]

=

2 oois

iy

o

o

=

g 0.010

g

s
0.005
0.000! . N i Mo _._coIncident with NBEs,”

-0.020 -0.010 QL0000 0.010 0.020
time (=) wrt VHF event coincident with 1917 reg aferics & 505 NBE=



